Oil palm kernel shell is a waste product of palm oil manufacturing and contains significant amounts of several chemical compounds including cellulose, hemicelluloses, and lignin. Pyrolysis of these compounds results in good quality liquid smoke. The aim of this research was to utilize this liquid smoke to preserve mackerel. The liquid smoke in this research was obtained by pyrolyzing oil palm kernel shell at temperatures ranging from 300-380°C. The resulting liquid smoke was then distilled at 200°C, and its chemical composition was analyzed using gas chromatography-mass spectrometry. The liquid smoke was then used to preserve mackerel at a variety of concentrations, including 0.5%, 1%, 2%, and 3%. The efficacy of preserving the mackerel using liquid smoke was assessed through TVB (total volatile base) analysis and organoleptic testing. TVB testing showed that mackerel remained fresh for up to 64 hours after being treated with 2% and 3% liquid smoke at a pyrolysis temperature of 380°C, with TVB values of 26.733 mgN and 24.974 mgN, respectively. The organoleptic testing showed that at a liquid smoke concentration of 3% and a pyrolysis temperature of 380°C, mackerel can remain fresh for up to 48 hours, with acceptable color and texture, and is suitable for consumption. Meanwhile, the non-preserved (control) mackerel had already deteriorated within 24 hours in terms of color, texture, and smell.
INTRODUCTION
Food preservation is important for prolonging the shelf life of food to minimize microbial and oxidative deterioration. Formalin is a widely used food preservative that contains about 37% (w/w) formaldehyde in water, which is the active component in this preservative 1 . However, this preservative is dangerous for humans; it has a strong odor, and contact with the eyes and skin can cause irritation. Another widely used preservative is borax, a hydrate that is highly water soluble; accumulation of this compound in human bodies can damage the immune system. Because of these dangerous effects, natural preservatives that are safe for human consumption need to be developed. One alternative is liquid smoke from oil palm kernel shell. Oil palm kernel shells mainly comprise hemicelluloses, cellulose, and lignin. Pyrolysis of hemicelluloses results in furfural, furan and its derivatives, acetic acid, and carboxylic acids. The most important result of cellulose pyrolysis is the production of small amounts of acetic acid and phenol, whereas lignin pyrolysis results in the development of the aroma of smoked products. These aromatic compounds originate from phenol derivatives such as guaiacol (2-methoxyphenol), syringol (1,6-dimethoxyphenol), and their derivatives 2 . These phenols and organic acids are bacteriostatic, and can, therefore, be used as natural food preservatives. Mackerel is a popular food because of its nutritional benefits. It is high in protein and ω-3 fatty acids, especially eicosapentaenoic acid and docosahexaenoic acid 3 , and therefore, the consumption of mackerel provides many health benefits. However, the shelf life of this fish and its food products is generally short, and chemical and physical treatment are required to prolong their shelf life. Several studies have shown various methods to prolong the shelf life of mackerel, such as using lactic acid 4 , a combination of sodium UTILIZATION , and rosemary extract combined with vacuum packing 9 . Liquid smoke from oil palm kernel shell biomass is another alternative because of its antibacterial and antioxidant properties. Liquid smoke from various types of biomass has been used as mouthwash 10 , flavoring [11] [12] [13] [14] , tuna preservative 15 , and meatball preservative 16 . The aim of the present research was to test the efficacy of liquid smoke from the pyrolysis of oil palm kernel shell to preserve mackerel through TVB testing and sensory analysis.
EXPERIMENTAL
About 5 kg of oil palm kernel shell was put in a homemade pyrolysis reactor (stainless steel; 32 cm in diameter and 50 cm in height), and pyrolysis was carried out at temperatures of 300°C, 340°C, and 380°C, respectively. The resulting smoke was condensed into Grade 3 liquid smoke, tar, and charcoal following the methodology from previous research [17] [18] [19] [20] . This liquid smoke was then analyzed using gas chromatography-mass spectrometry (GC-MS) based on the method developed by Guillen and Ibargoitia 11 , and then distilled at 180-200°C to separate the liquid smoke from the tar, thus producing Grade 1 liquid smoke. Preservation was carried out by soaking fresh mackerel in the liquid smoke at concentrations of 0.5%, 1%, 2%, and 3%, respectively. The acceptable storage duration of the fish samples was then assessed by organoleptic and TVB testing every 8 hours.
RESULTS AND DISCUSSION

TVB Testing
TVB testing is a method used to measure the freshness of fish or other foods against the decaying process caused by microorganisms as a result of the loss of fat or protein 21 . Figure 1 shows the effect of the pyrolysis temperature and liquid smoke concentration on the TVB values. The TVB results from mackerel soaked in liquid smoke for 72 hours at temperatures of 300°C, 340°C, and 380°C, at liquid smoke concentrations of 1%, 2%, and 3%, showed that the pyrolysis temperature influences the TVB values. The changes in the TVB values did not always directly correspond to the phenol concentration, possibly because other carboxylates also play significant roles in preservation. At a liquid smoke concentration of 0.5%, the resulting TVB values only changed slightly as the temperature increased. At 300°C, the acetic acid, and phenol content were relatively high compared to the contents at 340°C and 380°C. A lower concentration of liquid smoke did not decrease the TVB values and therefore, the concentration of liquid smoke does not appear to affect the level of preservation. Figure 2 shows the effect of the liquid smoke concentration on the TVB values over the storage time in mackerel that underwent pyrolysis at a temperature of 340°C. There are four categories of TVB values, including (1) up to 10 mg N/100 g, meaning that the fish is very fresh; (2) 10 to 20 mg N/100 g, meaning that the fish is fresh; (3) 20 to 30 mg N/100 g, meaning that the fish is at its consumable freshness threshold, but has relatively low appeal in terms of its color and smell; and (4) more than 30 mg N/100 g, meaning that the fish has an unacceptable taste and smell, and should not be consumed 22 . Liquid smoke at a pyrolysis temperature of 340°C, at 0.5% liquid smoke concentration, and stored for 72 hours resulted in the highest TVB value, at 35.87 mgN. In this condition, the fish is rotten, and should not be consumed. Thus, lower liquid smoke concentration and longer storage time contribute to faster decay and the development of an unacceptable smell. These outcomes are caused by protein degradation and the presence of decaying microbes, resulting in increased levels of nitrogenous bases that easily vaporize such as mono, trimethylamine, and dimethylamine 23 . The preservation duration depends on the liquid smoke concentration; the higher the concentration, the better preserved the fish, because the protein degradation is minimized, thus inhibiting the growth of microorganisms in the mackerel. After being treated with liquid smoke at 2% concentration, the mackerel had a TVB value of 29.54 mgN, which means that it is still suitable for consumption. The non-preserved mackerel (control) had the shortest shelf life, with a TVB value of 30.92 mgN after 32 hours. A TVB value of more than 30.00 mgN means that the fish has lost its freshness and is more firm, with a change in color to white or cream and an unacceptable smell, and therefore, should not be consumed. The ambient temperature that the test was carried out at was conducive to microbial growth, and no antimicrobials were added to inhibit this growth. The fish preserved for 32 hours at a liquid smoke concentration of 0.5% and a pyrolysis temperature of 340°C was still suitable for consumption, and appeared fresh, with a TVB value of 17.93 mgN.
Organoleptic Testing
Organoleptic testing is based on the senses, and is used to assess the color, smell, taste, and texture of food products. This test involved 12 panelists, whose reactions can be approaching or avoiding. The aim of this test was to determine the acceptability of the liquid smoke-preserved mackerel after being stored for certain lengths of time. 
Color
Color is an organoleptic test parameter that is important for assessing food quality, because it is the first parameter that determines consumers' acceptance of a product. The color of a food product can attract consumers to it, and also provides insights into the chemical changes occurring within the food. The freshness of mackerel can be ascertained from its grayish-black skin and pinkish meat that still contains blood. Table 1 shows the results of the color testing over the storage time. Table-1 shows that mackerel preserved at various concentrations of liquid smoke differed in color depending on the soaking duration. After 64 hours of soaking in 3% liquid smoke at a pyrolysis temperature of 380°C, the color was cream, and therefore, the fish was deemed to be acceptable. A food product with high-quality nutrition, good taste, and interesting texture will be less attractive to consumers if its color is unappealing. Consumers are more attracted to food products that have normal coloring.
At a pyrolysis temperature of 380°C and liquid smoke concentration of 0.5%, after 24 hours, the fish was still white in color and after 40 hours at 3% concentration, the fish was still deemed to be fresh as assessed by this method. The higher the concentration of the liquid smoke, the longer it took for the fish to change color. Without the addition of a preservative, the fish color changed to cream after 24 hours. 
Taste and Smell
Aroma is the result of the response of the nose to the distinct vapors of a food product. Taste and smell testing are very important in the food industry and enable consumers to directly assess the food. Tables-2  and 3 show that high concentrations of liquid smoke can slow down the development of unpleasant changes in smell and taste in mackerel, thereby preserving it for up to 64 hours. After 72 hours, the fish preserved using 3% liquid smoke and at a pyrolysis temperature of 380°, C was judged to have unacceptable taste and smell. The smoky aroma in the mackerel occurs from the absorption of the liquid smoke into the fish skin. The smell worsens with the loss of acetic acid, which indicates product damage caused by oxidation. Tables-3 and 4 show that the fish still had acceptable taste and smell, and was still considered to be suitable for consumption after 48 hours under any of the test conditions. Without a preservative, the fish developed an unpleasant smell and taste within 24 hours. The distinct taste and smell were due to the radical autoxidation of non-saturated fatty acids with oxidized fat. During storage, oxidation continues, resulting in the production of peroxide and hydroperoxide, which are broken down into compounds that result in an unpleasant smell and taste.
Texture
The texture testing was carried out using the hands and mouth. Table-4 shows that the texture remains acceptable for up to 48 hours at a liquid smoke concentration of 3% and at a pyrolysis temperature of 380°C. The changes in texture are influenced by the speed of bacterial growth. The results showed that at 32 hours, the texture was still chewy and that the texture became chewier after 64 hours (at a liquid smoke concentration of 3% and a pyrolysis temperature of 380°C). Around 80% of the panelists preferred the 'quite chewy' texture, and only 20% of the panelists preferred the 'very chewy' texture. Consumers generally prefer a relatively chewy texture because a very chewy texture may indicate the use of dangerous preservatives 24 . 3  5  5  5  4  4  3  3  2  2   340   0.5  5  5  4  3  3  3  2  1  1  1  5  5  4  3  3  3  2  2  1  2  5  5  5  3  3  3  3  2  1  3  5  5  5  3  3  3  2  2  1   380   0.5  5  5  5  4  3  3  2  2  1  1  5  5  5  4  4  3  2  2  1  2  5  5  5  4  4  4 
CONCLUSION
The results show that liquid smoke from oil palm kernel shell can be used as a preservative for mackerel. Higher liquid smoke concentration results in longer preservation, although longer soaking and higher concentration give the fish a smoky smell, rendering it less attractive for consumers. Mackerel preserved in 2% liquid smoke at a pyrolysis temperature of 380°C has a longer storage life at 64 hours, with a TVB value of 26.73 mgN. Without the addition of a preservative, mackerel only remains fresh for 24 hours before it can no longer be consumed because of its unacceptable smell, pale color, and visible decay, with a TVB value of 30.95 mgN.
